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ABSTRACT
Objective To investigate time trends in socioeconomic
inequalities in cause specific neonatal mortality in order
to assess changing patterns in mortality due to different
causes, particularly prematurity,andidentify keyareasof
focus for future intervention strategies.
Design Retrospective cohort study.
Setting England.
Participants All neonatal deaths in singleton infants born
between 1 January 1997 and 31 December 2007.
MainoutcomemeasureCausespecificneonatalmortality
per 10000 births by deprivation tenth (deprivation
measured with UK index of multiple deprivation 2004 at
super output area level).
Results 18524 neonatal deaths occurred in singleton
infants born in the 11 year study period. Neonatal
mortality fell between 1997-9 and 2006-7 (from 31.4 to
25.1 per 10000 live births). The relative deprivation gap
(ratio of mortality in the most deprived tenth compared
with the least deprived tenth) increased from 2.08 in
1997-9 to 2.68 in 2003-5, before a fall to 2.35 in 2006-7.
The most common causes of death were immaturity and
congenital anomalies. Mortality due to immaturity before
24 weeks’ gestation did not decrease over time and
showedthewidestrelativedeprivationgap(2.98in1997-
9; 4.14 in 2003-5; 3.16 in 2006-7). Mortality rates for all
other causes fell over time. For congenital anomalies,
immaturity, and accidents and other specific causes, the
relative deprivation gap widened between 1997-9 and
2003-5, before a slight fall in 2006-7. For intrapartum
events and sudden infant deaths (only 13.5% of deaths)
the relative deprivation gap narrowed slightly.
ConclusionsAlmost80%oftherelativedeprivationgapin
all cause mortality was explained by premature birth and
congenital anomalies. To reduce socioeconomic
inequalities in mortality, a change in focus is needed to
concentrate on these two influential causes of death.
Understanding the link between deprivation and preterm
birth should be a major research priority to identify
interventions to reduce preterm birth.
INTRODUCTION
Socioeconomic inequalities in infant mortality exist in
many developed countries despite improvements in
overall mortality.
12Countries have varying strategies
to reduce these inequalities.
1 The UK government has
mademajorattemptstotacklesocioeconomicinequal-
ities in infant mortality by setting a public service
agreement target in 2003 to reduce the relative depri-
vation gap in England and Wales by 10% by 2010.
3
However, recent evidence indicates that this target is
unlikely to be achieved and the relative deprivation
gap may be widening.
4 Public health interventions tar-
geting major potentially modifiable risk factors for
mortality are essential. Design of such interventions
requires an understanding of current trends in cause
specific mortality, as specific causes of death are likely
tohavedifferenteffectsonthewideningrelativedepri-
vation gap in all cause mortality. Recent UK evidence
on inequalities in cause specific mortality is contradic-
toryandpredominantlycrosssectional,preventingthe
investigation of trends over time.
56
Premature birth is the major component of neonatal
andinfantmortality,accountingfortwothirdsofneona-
tal deaths in England.
7 Most of these deaths result from
very preterm birth (<33 completed weeks’ gestation),
7
and rates of delivery at less than 33 weeks’ gestation
are rising in the United Kingdom and internationally.
89
Research has also shown wide socioeconomic inequal-
ities in the rates of premature birth.
810 The combined
effect of these trends could have a major effect on the
deprivation gap in all cause mortality.
We did a cause specific analysis of time trends in
socioeconomic inequalities in neonatal mortality in
England over an 11 year period to understand the
effect of specific causes of death on the widening rela-
tive deprivation gap in all cause mortality.
METHODS
Data on all neonatal deaths (death before 28 days of
life) of singleton infants born to mothers resident in
England between 1 January 1997 and 31 December
2007 came from the Centrefor Maternal ChildEnqui-
ries (CMACE; www.cmace.org.uk), which has col-
lected neonatal mortality data as part of its national
perinatal mortality surveillance work funded by the
National Patient Safety Agency. Data included cause
of death, gestational age, and super output area (geo-
graphical populations of approximately 1500 resi-
dents) of mother’s residence. Since 1 January 2004,
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neonatalmortality(deathbetween28daysand1year),
preventing analyses of infant mortality for the whole
11 year period. However, we did sensitivity analyses
using information on infant mortality in 1997-2003 to
assessthedifferencesinpatternsbetweenneonataland
infant mortality. Denominator data on all live single-
ton births by year of birth and super output area came
from the UK Office for National Statistics (www.statis
tics.gov.uk). We focused on singleton births because
differential access to fertility treatment may lead to a
higher incidence of multiple births in less deprived
areas and the neonatal mortality of multiple births is
higher than that of singletons.
Alocal CMACEcoordinatorinitially classifiedneo-
nataldeathsbyusingthe extendedWigglesworthhier-
archical classification system.
11 A CMACE regional
manager then checked them with reference to post-
mortem and coroner’s reports where available.
Finally, CMACE carried out central cross validation
checks to ensure consistency. Here, we expanded the
Wigglesworthclassificationfordeathsduetoimmatur-
ity, on the basis of gestational age at birth (<24 weeks,
24-27 weeks, and 28-36 weeks). We grouped acciden-
tal deaths with “other specific conditions.”
Thegovernmenttargetsin EnglandandWalesmea-
sure the relative deprivation gap by using a classifica-
tion of socioeconomic group based on father’s
occupation.
3 This excludes infants whose parents
haveneverworkedandthosewhoaresolelyregistered
by the mother, and these infants have a greatly
increased risk of death. We measured socioeconomic
inequalities by using an area level measure of depriva-
tion, the index of multiple deprivation for 2004 at the
super output area level, to enable inclusion of all
infants.
12 This measure of multiple deprivation is
made up of seven domain indices at the super output
area level, which relate to income deprivation,
employment deprivation, health deprivation and dis-
ability, education, skills and training deprivation, bar-
riers to housing and services, and living environment
deprivation and crime. Super output areas are the
smallest areas for which these deprivation data are
available; although some degree of heterogeneity will
existwithinthem,thesmallsizeoftheareas(only1500
residents) limits this. We ranked all super output areas
inEnglandbydeprivationscoreanddividedtheminto
10 groups with approximately equal populations of
births: 1 (least deprived) to 10 (most deprived). If neo-
natalmortalitywasthesameforalldeprivationgroups,
asimilarnumberofneonataldeathswouldbeexpected
in each tenth.
We calculated neonatal mortality rates for each
cause of death by deprivation tenth and time period
(1997-9,2000-2,2003-5,and2006-7).WeusedPoisson
regression models to assess trends in mortality by
deprivation tenth over time,
13 fitting separate models
forallcausemortalityandeachspecificcauseofdeath.
UK targets for reducing socioeconomic inequalities
ininfant mortalityarebased onthe relative deprivation
gap,toavoidtheinfluenceoftheunderlyingprevalence.
Here,tocompareourfindingswiththenationaltargets,
we measured the relative deprivation gap by fitting a
linear trend between deprivation tenth and mortality
and calculating the mortality rate ratio between the
most deprived and least deprived tenths, which is simi-
lar in approachtothe relative index of inequality.
14 We
assessed significant change in the relative deprivation
gap over time by fitting a separate deprivation effect
for each time period. We assessed reductions in neona-
tal mortality over time between 1997-9 and 2006-7 by
relative change (percentage reduction in mortality rate
by deprivation tenth). However, investigating both the
relative and absolute deprivation gap can aid a better
understandingoftimetrendsinsocioeconomicinequal-
ities.Adjustingfortheunderlyingprevalencecanignore
important changes in the absolute deprivation gap.
Here, we calculated absolute change in neonatal mor-
tality over time by deprivation tenth (difference in neo-
natalmortalityper10000birthsbydeprivationtenth)to
assess improvements in mortality. We used the delta
method to calculate confidence limits.
15 We estimated
excess mortality associated with deprivation as a per-
centage by applying the neonatal mortality rate in the
Table 1 |Number of live births and neonatal deaths (percentage of neonatal deaths) by deprivation tenth and cause of death 1997-2007
Cause of death
Deprivation tenth (1=least deprived; 10=most deprived)
All 123456 7 8 9 1 0
Live births 644 569 641 660 642 828 642 752 642 206 640 154 638 287 637 269 637 291 642 675 6 409 691
Neonatal deaths:
All causes 1159 (6.3) 1298 (7.0) 1417 (7.6) 1623 (8.8) 1622 (8.8) 1818 (9.8) 2038 (11.0) 2213 (11.9) 2536 (13.7) 2800 (15.1) 18 524 (100)
Congenital anomalies 288 315 333 371 357 392 464 549 657 738 4464 (24.1)
Intrapartum events 170 166 188 196 188 225 211 216 205 194 1959 (10.6)
Immaturity <24 weeks’ gestation 189 211 231 290 301 334 441 430 532 643 3602 (19.4)
Immaturity24-27weeks’gestation 233 251 289 305 332 392 394 421 475 511 3603 (19.5)
Immaturity28-36weeks’gestation 57 77 62 96 78 101 91 109 109 136 916 (4.9)
Immaturity (gestation unknown) 2 6 5 10 11 9 12 16 22 24 117 (0.6)
Infection 93 126 118 165 152 180 172 203 229 239 1677 (9.1)
Accidentandotherspecificcauses 75 95 127 114 116 105 161 156 168 178 1295 (7.0)
Sudden infant death 32 38 33 46 52 56 54 79 81 72 543 (2.9)
Unclassified 20 13 31 30 35 24 38 34 58 65 348 (1.9)
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that by the total number of deaths observed. We calcu-
lated the proportion of the deprivation gap in all cause
neonatal mortality explained by each cause for each
time period. For each specific cause, we estimated the
neonatal mortality rate in the least deprived tenth and
the most deprived tenth for each time period by using
the regression models. We calculated the absolute dif-
ference in these two rates and expressed it as a propor-
tion of the absolute difference in rates for all causes
combined.
RESULTS
All cause neonatal mortality
CMACE received notification of 18524 neonatal
deaths of singleton infants between 1997 and 2007.
Thenumberofdeathsincreasedwithincreasingdepri-
vation (table 1). All cause neonatal mortality fell over
time from 31.4 per 10000 live births in 1997-9 to 25.1
per10000livebirthsin2006-7.Inabsoluteterms,rates
decreased more between 1997-9 and 2006-7 in the
mostdeprivedtenth(7.4fewerdeathsper10000births
in most deprived tenth; 5.6 fewer deaths per 10000
births in least deprived tenth). However, the relative
reduction in mortality over time was smaller in the
most deprived tenth (17%) compared with the least
deprived tenth (26%) (table 2). In 1997-9 infants were
attwicethe riskofneonataldeathin themostdeprived
tenth compared with the least deprived tenth (mortal-
ityrateratio2.08,95%confidenceinterval1.92to2.27)
(table 3).Thisgapwidenedsignificantlyover timetoa
peakof 2.68in 2003-5andnarrowedslightlyto2.35in
2006-7.Consequently,thepercentageofexcessdeaths
associated with deprivation increased over the time
period from 32.3% in 1997-9 to 51.0% in 2003-5 and
then decreased to 37.5% in 2006-7 (table 4).
Cause specific neonatal mortality
Deaths due to immaturity were the most common
(44.5%),followedbythoseduetocongenitalanomalies
(24.1%), intrapartum events (10.6%), infection (9.1%),
accidents and other specific causes (7.0%), and sudden
infant deaths (2.9%) (table 1). The number of deaths
increased with increasing deprivation for each cause,
although the increase varied in magnitude. With the
exception of deaths due to immaturity at less than
24 weeks’ gestation, neonatal mortality fell over time
for all causes; the greatest falls were for immaturity at
24-27 weeks’ and 28-36 weeks’ gestation.
For five of the eight causes of death (congenital
anomalies, immaturity at <24 and 24-27 weeks, infec-
tion, and accidents and other specific causes), a larger
Table 2 |Observed neonatal mortality rate per 10 000 live births by deprivation tenth and year of birth, and estimated
reduction in mortality per 10 000 births between 1997-9 and 2006-7 (based on Poisson regression model)
Cause of death
Mortality per 10 000 live births Reduction in mortality from 1997-9 to 2006-7
1997-9 2000-2 2003-5 2006-7
Relative change (%)
(95% CI)
Absolute change per
10 000 births (95% CI)
All causes:
Least deprived tenth 20.8 18.3 16.9 14.9 26.1 (18.9 to 32.7) 5.55 (3.89 to 7.21)
Most deprived tenth 46.4 46.6 43.5 35.9 16.7 (10.4 to 22.6) 7.41 (4.49 to 10.32)
Congenital anomaly:
Least deprived tenth 5.7 3.9 4.0 4.1 31.3 (16.9 to 43.3) 1.60 (0.81 to 2.39)
Most deprived tenth 12.4 12.4 10.5 10.5 9.5 (−4.6 to 21.7) 1.05 (−0.45 to 2.56)
Intrapartum events:
Least deprived tenth 2.4 2.7 3.1 2.2 15.6 (−9.4 to 34.9) 0.45 (−0.23 to 1.13)
Most deprived tenth 3.6 2.5 3.2 2.6 29.4 (9.9 to 44.6) 1.17 (0.37 to 1.96)
Immaturity <24 weeks’ gestation:
Least deprived tenth 2.6 3.5 2.9 2.7 1.9 (−22.4 to 21.4) 0.06 (−0.58 to 0.69)
Most deprived tenth 8.6 10.7 11.2 9.3 −4.0 (−22.0 to 11.3) −0.35 (−1.76 to 1.07)
Immaturity 24-27 weeks’ gestation:
Least deprived tenth 4.9 3.4 3.1 2.7 44.7 (31.4 to 55.4) 2.19 (1.44 to 2.94)
Most deprived tenth 9.9 8.0 7.4 6.1 35.1 (22.9 to 45.4) 3.24 (2.00 to 4.48)
Immaturity 28-36 weeks’ gestation:
Least deprived tenth 1.0 1.1 0.8 0.5 56.8 (32.3 to 72.4) 0.81 (0.42 to 1.21)
Most deprived tenth 3.0 1.8 2.4 0.9 60.4 (42.3 to 72.8) 1.63 (1.03 to 2.23)
Infection:
Least deprived tenth 1.8 1.4 1.3 1.2 24.6 (−1.9 to 44.3) 0.49 (−0.02 to 0.99)
Most deprived tenth 3.7 4.2 3.7 3.1 −5.2 (−33.0 to16.8) −0.20 (−1.11 to 0.72)
Accidents and other specific causes:
Least deprived tenth 1.8 0.9 1.0 0.8 10.7 (−24.5 to 35.9) 0.17 (−0.32 to 0.66)
Most deprived tenth 2.8 3.2 2.6 2.4 7.2 (−23.0 to 29.9) 0.19 (−0.53 to 0.91)
Sudden infant death:
Least deprived tenth 0.3 0.9 0.3 0.4 6.8 (−69.0 to 48.6) 0.03 (−0.21 to 0.27)
Most deprived tenth 1.4 1.3 1.1 0.5 40.3 (6.9 to 61.7) 0.62 (0.11 to 1.14)
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deprivedtenthcomparedwiththemostdeprivedtenth
(table 2),althoughthiswasstatisticallysignificantonly
for congenital anomalies. For these causes and imma-
turity at 28-36 weeks, the trend in the deprivation gap
overtimewassimilartothatforallcauseneonatalmor-
tality, with an initial wide deprivation gap in 1997-9
(neonatal mortality rate ratio range 1.70-2.98), which
increased up to 2003-5 (range 2.17-4.14) followed by a
slight narrowing in 2006-7 (range 1.72-3.16). The
widest deprivation gap was for immaturity at less than
24 weeks’ gestation; those from the most deprived
tenthhad a threefold risk ofdeath in 1997-9compared
with the least deprived tenth, which increased to more
than a fourfold risk in 2003-5 and slightly reduced to a
threefold risk in 2006-7. As the mortality rate for these
causes did not fall over the time period, this widening
of the deprivation gap meant that they represented a
larger proportion of all deaths in 2006-7 (21.7%) than
in 1997-9 (16.9%).
Intrapartum deaths and sudden infant deaths
showed a greater fall in mortality in the most deprived
tenththaninthe least deprivedtenth,leadingtoa non-
significant narrowing of the deprivation gap for these
causes. However, these deaths comprised only 13.5%
of deaths and their effect on all cause mortality was
small. Deaths due to intrapartum events showed the
narrowest deprivation gap in mortality rates (range
1.15-1.37). Consequently, the reduction in deaths if
the rates seen in the least deprived tenth were applied
across all tenths was small (range 6.8-14.8%). In con-
trast, the deprivation gap for sudden infant deaths was
the widest seen for any specific cause in 1997-9 (mor-
tality rate ratio 3.62). This fell non-significantly over
time to 2.32 in 2006-7. Sudden infant deaths would
havebeenreducedbymorethanhalfin1997-9if mor-
tality rates for the least deprived tenth were applied to
the whole population, compared with a reduction of
just over a third in 2006-7.
The figure shows the percentage of the deprivation
gap in all cause neonatal mortality explained by each
specific cause. Deaths due to immaturity (babies
<24 weeks’, 24-27 weeks’,a n d2 8 - 3 6w e e k s ’ gestation)
and congenital anomalies explain most of the depriva-
tion gap in all cause mortality, which increased from
77% in 1997-9 to a peak of 82% in 2003-5 and then fell
to 79% in 2006-7. This results from a combination of a
widening deprivation gap in mortality for these causes,
higher mortality, and a lack of decline in mortality due
to immaturity at less than 24 weeks. The remaining
causes (sudden infant death, intrapartum events, infec-
tion, and accidents and other causes) account for only
20% of the deprivation gap. This is partially related to
lower mortality but also to the narrow deprivation gap
in mortality for intrapartum deaths. The percentage of
thegapexplainedbysuddeninfantdeathsfellovertime
from 5% in 1997-9 to 2.5% in 2006-7.
Sensitivity analyses
Sensitivity analyses of infant mortality (1997-2003)
showed extremely similar trends in the deprivation
gap over time for all cause mortality and each specific
cause but with slightly wider deprivation gaps than for
neonatal mortality. In 1997-9 sudden infant deaths
explained20%ofthedeprivationgapinallcauseinfant
mortality,butthisdeclinedto8%by2003.Bycontrast,
immaturity and congenital anomalies accounted for
53% of the deprivation gap in 1997-9, which increased
to 73% in 2003, similar to the percentage seen for neo-
natal mortality. Hence, whereas the percentage of
infant deaths due to each cause differed from neonatal
deaths in 1997-9, over time the patterns are becoming
more similar as immaturity and congenital anomalies
play a greater role.
DISCUSSION
Thisstudyestimatedtimetrendsinthedeprivationgap
in neonatal mortality by cause of death, for which lim-
ited data have been published. Neonatal mortality
ratesweremorethantwiceashighinthemostdeprived
areas of England than in the least deprived areas, and
the relative gap widened over time before a slight nar-
rowing in recent years.Neonatal deathswould be 39%
lower if all areas had the same neonatal mortality rates
as the least deprived areas. This widening relative
deprivationgapin all causeneonatalmortality isparti-
cularlyassociatedwithanincreaseintheproportionof
deathsassociatedwithimmaturityatlessthan24weeks
’gestation,forwhichthedeprivationgapinmortalityis
widest,anddifferentialfallsinmortalitybydeprivation
Table 3 |Neonatal mortality rate ratio comparing most deprived tenth with least deprived tenth by time period and cause of
death (based on Poisson regression model)
Cause of death 1997-9 2000-2 2003-5 2006-7 P value*
All causes 2.08 (1.92 to 2.27) 2.53 (2.32 to 2.77) 2.68 (2.45 to 2.93) 2.35 (2.10 to 2.63) 0.0004
Congenital anomaly 2.16 (1.82 to 2.56) 2.92 (2.43 to 3.51) 3.06 (2.54 to 3.70) 2.85 (2.27 to 3.58) 0.0264
Intrapartum events 1.37 (1.07 to 1.76) 1.15 (0.87 to 1.53) 1.21 (0.94 to 1.56) 1.15 (0.82 to 1.61) 0.7817
Immaturity <24 weeks’ gestation 2.98 (2.42 to 3.67) 3.28 (2.66 to 4.05) 4.14 (3.40 to 5.06) 3.16 (2.47 to 4.04) 0.1217
Immaturity 24-27 weeks’ gestation 1.88 (1.57 to 2.25) 2.49 (2.03 to 3.06) 2.38 (1.94 to 2.92) 2.21 (1.68 to 2.91) 0.1779
Immaturity 28-36 weeks’ gestation 1.88 (1.35 to 2.62) 1.74 (1.16 to 2.59) 3.22 (2.10 to 4.95) 1.72 (0.93 to 3.18) 0.1393
Infection 1.92 (1.45 to 2.54) 2.66 (2.00 to 3.53) 2.17 (1.57 to 3.00) 2.68 (1.88 to 3.83) 0.3333
Accidents and other specific causes 1.70 (1.23 to 2.35) 2.29 (1.65 to 3.18) 2.71 (1.92 to 3.83) 1.77 (1.18 to 2.65) 0.1987
Sudden infant death 3.62 (2.15 to 6.07) 2.47 (1.49 to 4.07) 2.08 (1.26 to 3.43) 2.32 (1.14 to 4.73) 0.4806
*Test for interaction between deprivation and year.
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24-27 weeks’ and 28-36 weeks’ gestation. Wide socio-
economic inequalities existed in deaths due to conge-
nital anomalies and immaturity, as seen previously,
6
and these causes accounted for more than three quar-
ters of the deprivation gap in all cause mortality.
The relative deprivation gap in all cause neonatal
mortality reported here is wider than that in the UK
government’s report on infant mortality,
4 which com-
pared routine and manual workers with the most
advantaged occupational group (2005 rate ratio 1.94).
However, the gap we have identified is similar to that
found in a comparison of solely registered births and
those whose father has never worked with the most
advantaged group (2005 rate ratio 2.78).
1 To properly
understand the current situation and the effect of any
intervention, these high risk infants must not be over-
looked and should be included in analyses.
Althoughwehaveshownthattherelativedeprivation
gap in neonatal mortality has generally widened over
time, the absolute gap has reduced. The fall in neonatal
mortalityinthemostdeprivedareashasbeengreaterin
absolute terms than in the least deprived areas. Conse-
quently, although the UK government targets are unli-
kely to be achieved, efforts to improve neonatal
mortality in the most deprived areas over the past dec-
ades have been successful to some extent.
Premature birth has a major impact on the depriva-
tion gap, particularly for deaths among infants born at
less than 24 weeks’ gestation, who show the widest
deprivation gap in neonatal mortality and, unlike for
all other causes of death, no evidence of a decline in
mortality over time. Tertiary interventions to reduce
the burden of mortality and morbidity, such as
advances in neonatal care, have led to great improve-
ments in survival of premature infants born at
24-32 weeks’ gestation.
9 However, the extremely
poorsurvivalofthosebornatlessthan24weeks’gesta-
tionhaschangedlittleovertimeintheUK,
16andthisis
also true of population based data from elsewhere in
the world.
1718 We believe that further progress in neo-
natalcarealoneisunlikelytochangethissituation.Asa
result,theimpactofextremelypreterminfantsonneo-
natal mortality is likely to increase, as their rates are
increasing in the UK and internationally.
89 Changes
in practice as to whether babies are considered to be
live births may partially explain this increase in inci-
dence. Babies born dead before 24 weeks’ gestation
are not part of the mandatory registration scheme,
and trends in the overall birth rate (alive and dead) at
thisgestationcannot bereliablyestimated. Webelieve
that mechanisms that lead to birth at this gestation are
likely to be largely the same as those for babies born
prematurely after 24 weeks. As a consequence, they
are almost certainly part of the spectrum of increased
risk of preterm birth that seems to be associated with
deprivation.
819Our data from an English region sug-
gest that, over time, a greater proportion of these
babies are considered to be live births, increasing
their contribution to all cause mortality.
16 This is in
stark contrast to the Netherlands, where policy is in
placetoattemptresuscitationofinfantsonlyif theyare
25 weeks’ gestation and over.
20
Socioeconomic inequalities in deaths due to conge-
nital anomalies are widening and represent more than
a third of the deprivation gap in all cause mortality.
Various potential underlying trends may contribute
to the widening gap. These include whether the birth
prevalence of certain lethal anomalies has decreased
among the less deprived groups and similarly whether
these mothers have differential access to or uptake of
treatments available for the most severe anomalies.
Maternal factors such as age and ethnicity also influ-
ence these factors. Variations exist in the UK on a
regional basis, but whether they are due to underlying
socioeconomic differences is not known.
21 Increased
risk of non-chromosomal congenital anomalies has
been seen with increasing deprivation,
2223 and recent
declines in these anomalies may be more evident
among the least deprived communities.
21 Of equal
importancearesocioeconomicdifferencesinwomen’s
attitudesto terminationwhen a severe anomalyis con-
firmed. Further detailed research is needed to deter-
mine whether the observed differences represent
variations in choice, differential access to screening
and treatments, or changes in incidence.
Neonatal mortality rates for intrapartum events
showed the least variation with deprivation, as pre-
viously seen,
246 indicating that this aspect of midwifery
Table 4 |Excess neonatal mortality associated with deprivation by cause of death and time
period. Values are percentages
Cause of death 1997-9 2000-2 2003-5 2006-7
All causes 32.3 39.6 51.0 37.5
Congenital anomaly 33.7 44.5 46.5 44.3
Intrapartum events 14.8 6.9 9.3 6.8
Immaturity <24 weeks’ gestation 45.1 48.4 55.7 47.8
Immaturity 24-27 weeks’ gestation 28.3 39.0 37.7 35.2
Immaturity 28-36 weeks’ gestation 28.3 25.1 48.1 25.3
Infection 29.1 41.3 34.3 42.2
Accidents and other specific causes 24.2 35.9 42.3 26.3
Sudden infant death 51.2 38.7 32.6 37.0
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such events are acute and generally not predictable
before labour, this finding provides reassurance that
care in labour is not related to deprivation. However,
intrapartum deaths remain relatively common and
mortality rates changed little over time, indicating that
improvements to midwifery and obstetric care in Eng-
land do not seem to have affected these deaths. The
effect of public health campaigns to reduce the rate of
sudden infant death is certainly reflected in our data,
with declines in the deprivation gap, and the overall
influence of this cause of death on neonatal mortality
is now limited.
Limitations
Our work focused on neonatal mortality, as data on
gestation specific post-neonatal deaths after 2003 were
not available. However, patterns in infant mortality in
1997-2003 showed extremely similar patterns to those
seen for neonatal mortality, with a slightly wider depri-
vationgap.Thecontributionofeachcausetotheoverall
deprivationgapissimilar,andwebelievethatthissimi-
larityislikelytopersistovertime.Ourmaininterestwas
in the effect of changing patterns of deaths relating to
immaturity,andthisismorelikelytobeseeninneonatal
mortality. Our work lacks detailed data on individual
risk behaviour andso may beopen toproblems ofcon-
founding. Epidemiological work using individual level
data have shown wide differences in mortality—for
example, mortality due to maternal smoking during
pregnancy in infants from deprived areas in
Scotland.
25Despitethis,providedtheresultsaretreated
cautiously and trends are not extrapolated beyond the
time period under study, our methods are relatively
straightforward and provide a way for health service
planners to monitor up to date trends in mortality.
Implications
Despite targets being set to improve inequalities in
infant mortality by 2010 in the UK, the deprivation
gapdoesnot seem tobenarrowing. Cause specific ana-
lyses provide more detailed information, highlighting
the contribution of each causal group and the effect of
interventionsorchangesinsocietyovertime.Thisstudy
was based entirely on data for England, but we believe
that causespecificanalysescouldprovidemuchgreater
insightintosocioeconomicinequalitiesinneonatalmor-
tality on a global level and allow all countries to more
fully understand their early childhood mortality rates
and prioritise appropriate interventions.
Intheabsenceofsuchananalysis,variousidentifiable
actionshavebeenrecommendedinEnglandandWales
to reduce the deprivation gap in infant mortality by the
target10%
4(inorderofmagnitudeofanticipatedreduc-
tion): increasing breastfeeding rates and reducing obe-
sity in the routine and manual work group; reducing
smoking rates during pregnancy; and reducing rates of
suddeninfantdeath,overcrowdedhousing,andteenage
conceptions in the routine and manual work group.
Although these are all laudable aims, the work pre-
sentedhereshowsthatunlessinterventionstargetspeci-
fically the risk of very premature birth and potentially
lethal congenital abnormalities the effect on the depri-
vation gap is likely to be minor. For example, even
accounting for the higher rates of infant mortality due
tosudden infantdeathcomparedwithneonatal mortal-
ity, on the basis of our findings the contribution to the
totalmortalitygapissimplytoosmalltohaveanimpor-
tanteffect.Thesituationissomewhatdifferentforsmok-
ing, which evidence suggests is an important factor in
the causes ofpretermbirthand as a consequenceinfant
mortality.
2021 The potential effect of reducing obesity
and teenage pregnancy is less clear, in terms of existing
evidence.
622 However, smoking, obesity, and teenage
pregnancy have all been the subject of longstanding
public health campaigns with limited success, and the
UK’s suggested goals require major behavioural
changes.Ourlackofunderstandingabouttheeveryday
environmental influences on the risk of preterm birth
and major congenital abnormalities seems to be a sig-
nificant impediment to the development of a rational
strategy for diminishing the influence of deprivation
on measures of early childhood mortality.
We have previously shown the importance of imma-
turity in the UK compared with other European
countries,
26 and the March of Dimes Foundation has
highlighted the problem in global terms.
9 Tackling the
wide deprivation gap in deaths of babies born at less
than 24 weeks’ gestation is unlikely to be achievable
through further progress in neonatal care, highlighting
the need for a greater understanding of the mechanistic
link between deprivation and prematurity. This should
beamajorresearchpriority,
27whichwouldthenallowa
focusonprimarypreventivestrategiestoreducetherate
ofprematurity itself.
28Our lack of understanding about
the influence of health inequality in relation to major
congenital anomalies deserves no less attention.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Socioeconomic inequalities in infant and neonatal mortality exist in many developed
countries, with a higher rate of early childhood death in families from deprived backgrounds
A government target was introduced to reduce the deprivation gap in infant mortality in
England by 10% by 2010, yet the gap has widened; an implementation strategy has been
instigated to achieve this target
WHAT THIS STUDY ADDS
Almost80%ofthedeprivationgapinneonatalmortalityinEnglandistheresultofdifferences
in deaths related to either immaturity or congenital anomalies
The current implementation strategy in England to reduce the relative deprivation gap does
not adequately tackle these two main causes of death
Similar patterns probably exist in other developed countries, and these are best explored
through cause specific analysis.
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